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Summary.The assessment of a car fuel efficiency during operation using lubricants (motor and
transmission oils) with fullerene compositions in a urban driving cycle is executed. Fullerene compositions were
added to the engine and transmission oil at a mass concentration 10%. The guiding document that defines the
procedure for testing vehicles for fuel efficiency is GOST 20306-90.

Urban driving cycle tests were carried out on a truck ZIL-5301 "Bull" at an outside air temperature of
+20 °C (summer operation period) and at an outside air temperature of -5 °C (winter operation period).

It is established that operating a car in the urban driving cycle using of fullerene composition in both
engine and transmission oils reduces the fuel consumption of the car by 14.54 ... 17.45% in the summer period.
The value of 17.45% corresponds to the mileage of the car without cargo (m = 0), and the value of 14.54% — to
the mileage with a cargo (m = 3000 kg). The coefficient of variation of the measured value of fuel consumption
was 0.039 ... 0.042. This allows us to conclude that the measurement error is in the range of 3.9 ... 4.2%.

When operating the car in the urban driving cycle in the winter operation period, the use of fullerene
composition (mass concentration 10%) Simultaneously in the engine oil and transmission oil reduces fuel
consumption by 13.24 ... 15.15%. The value of 15.15% corresponds to the mileage of the car without cargo
(m = 0), and the value of 13.24% — mileage with cargo (m = 3000 kg). The coefficient of variation of the measured
value of fuel consumption was 0.039 ... 0.044. This allows us to conclude that the measurement error is in the
range of 3.9 ... 4.4%.
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Relevance of the problem. When developing lubricants to improve tribological
characteristics, complex compounds are used as additives, among which the industrial
additive DF-11, which is zinc dialkyldithiophosphate, is the most widespread. Such additives
contain atoms of sulfur, phosphorus and heavy metals, which increase the toxicity of exhaust
gases, since when fuel is burned in engines, part of the engine oil also burns. It is known to
use as additives to lubricants dispersions of functional nanosized particles of various origins
(disulfide and trisulfide of molybdenum, wolfram, copper nanoparticles). Such compounds
also contain metal atoms, which leads to increased carbon formation on engine parts and an
increase in the toxicity of emissions [1].

It is now established [1] that adding non-toxic spherical clusters of fullerene Ceo in the
composition of technical oils, greases and lubricating coatings reduces the friction force,
reduces wear and increases the anti-seize resistance of tribosystems. However, data on the
effect of various fullerene derivatives on the lubricating properties of motor and transmission
oils are insufficiently presented in the literature. According to the authors [1], this is due to
the low solubility of nanosized fullerene particles in liquids.
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The use of fullerene additives to technical liquid lubricants raises a number of
questions about their effectiveness, ie the impact on antiwear and antifriction properties.
Interest in this phenomenon is of both fundamental and applied nature, which will make it
possible to develop concepts for their application.

Analysis of recent research. In [2], comparative studies of different carbon
materials (Ceo fullerene, soot containing and not containing Ceo, graphite, technical soot) as
additives to industrial oil were performed. Fullerene soot and pure powdered fullerene
Ceo give a noticeable improvement of the antifriction and antiwear properties of the friction
pairs steel-steel and copper-steel, especially in the area of high contact loads. It is shown
that the presence of Ceo (in pure form or in fullerene soot) leads to the formation on the
friction surface of a fullerenopolymer film with a thickness of about 1000 A, which is a
protective film.

The work [3] is devoted to the study of the influence of additives containing fullerene
Ceo in industrial oil on the optimization of the process of limiting friction of steel and copper
in steel-steel and copper-steel friction pairs. It is shown that the presence of fullerene in the
oil leads to a significant reduction of the indicator, and for copper this parameter reaches quite
low values, close to the conditional reference, previously selected for the ranking of solids by
this indicator.

The authors of [4] present the results of studies of the influence of carbon nanoparticles
(graphene, single and multi-walled nanotubes, as well as fullerene-containing nanomaterials)
on the tribotechnical characteristics of industrial plastics and motor oils. It is shown that this
effect depends not only on the carbon nanoparticles, but also on the base material, reducing
or increasing the moment of friction forces. Adding nanoparticles in plastic lubricants
increases the maximum load to the bulk and allows the use of plastic lubricants with
nanoparticles selectively, depending on the requirements for friction units. Engine oil with
nanotribos, containing fullerene, does not have a significant effect on the tribotechnical
properties of the studied systems.

In paper [5], a new lubricating composition based on motor oil M-8-G2 (i)
GOST 8581-78 (SAE 20) with impurities of pyrolytic graphite (fullerene soot) and nanosized
fullerene particles was obtained. The formed surface films with highly dispersed nanosized
fullerene particles on the modified surfaces of the engine's triboconjugations have a thickness
(up to 0.1 mm) sufficient to reduce the coefficient of friction, fuel consumption and improve
vibration and noise characteristics of the diesel engine.

The authors of [6] presented a review of the literature on lubricants with adding of
nanoparticles. The influence of nanoparticles on the tribotechnical characteristics of oils is
analyzed. It is noted in the work that the use of nanoadditives to lubricants leads to an increase
in the viscosity of the base medium, high bearing capacity of tribocompounds, reduction of
the friction coefficient, increase of wear resistance. Work [7] concludes that recent efforts
have focused on the development and use of carbon nanomaterials as additives to technical
oils for car operation. The review presents the main achievements due to carbon
nanolubricants, which will determine future developments.

The authors [8] proposed pre-dispersion of fullerenes in solvents, such as vegetable
high oleic oils, and then the addition of such compositions to technical oils. According to the
authors, this use of fullerenes gives a better positive effect than the addition of fullerenes in
the form of nanopowders to the basic lubricants.

In [9], experimental studies of the effectiveness of fullerene compositions in motor
oils and the degree of their impact on the effective power and specific fuel consumption of a
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diesel engine are presented. The weight of the fullerene composition is 100 gr. per kilogram
of engine oil. The composition of the fullerene composition is 0.75 g of fullerenes and
99.25 g of rapeseed oil. The total weight of the fullerene composition is 100 gr., it was added
to 1000 gr. Of base engine oil M-10G2k (mass concentration 10%). The authors
experimentally obtained the dependences of the effective power and specific fuel
consumption using fullerene composition in motor oils. It is established that the use of motor
oil with fullerene composition allows to obtain the following indicators when testing
the diesel D-243 on the stand: the effective power of the diesel increased from 60 kW
to 64.56 kKW, ie by 7.5%; specific fuel consumption decreased from the values of 220 g/kWh
to 186 g/kWh, ie by 15.45%. Based on the obtained experimental results, it is concluded that
the use of fullerene composition in motor oils reduces the specific fuel consumption of the
engine, which will save fuel during operation of vehicles without reducing their effective
power.

From the analysis of the presented material it can be concluded that the use of
fullerene compositions in technical lubricants is a promising area, for example, for the
operation of vehicles. This will reduce friction losses in car units, which will lead to fuel
savings while reducing the wear rate of materials of tribosystems and increase of a
resource.

Formulation of research purpose. The aim of the work is an experimental study of
the effectiveness of fullerene compositions in motor and transmission oils of vehicle units
and the degree of their impact on fuel consumption during operation in the urban driving
cycle.

Methodical approach in research. The guiding document that defines the procedure
for testing vehicles for fuel efficiency is GOST 20306-90. This standard establishes the
following indicators of fuel efficiency of vehicles:

— fuel consumption;
— fuel consumption in the main cycle on the road,
— fuel consumption in the urban cycle on the road.

The calculation of the above indicators is regulated by the relevant test program —
driving cycles.

According to GOST 20306-90 for trucks with a gross weight exceeding 3.5 tons, the
urban driving cycle on the road is used as a test program. The numbers of operations when
performing such a cycle, the sequence of operations and the mark of the path in meters are
shown in Figure 1, the length of the measuring section is 4000 m.

Test races were conducted on the ring road in one direction and were repeated at least
three times to increase the accuracy of measurements, which meets the requirements of GOST
20306-90.

The distance of the ring road of 4000 meters was chosen without slopes and turns and
pre-marked in proportion to the start number of the operation, which eliminated the errors of
the driver when performing an urbandriving cycle.

Acceleration, deceleration during engine braking or service braking when the
transmission is engaged with the use of service brakes were carried out in accordance with
the requirements of the aforementioned standard.

At the moment of crossing the «zero» mark, recording devices were turned on, which
measured the driving time with an accuracy of 0.1 s and the fuel consumption with an
accuracy of 1.0 cm?,
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Figure 1. Scheme of the urban cycle on the road for trucks with a gross weight of more than 3.5 tons:
1 — acceleration to a speed of 30 km/h and movement to the mark of 125 m;
2 —acceleration to a speed of 35 km/h and movement to the mark of 250 m;
3 — braking to a speed of 15 km/h; 4 — movement with a constant speed of 15 km/h to the mark of 350 m;

5 —acceleration to a speed of 50 km/h and movement to the mark of 700 m; 6 — deceleration by the engine to
a speed of 25 km/h; 7 — movement at a speed of 25 km/h to the mark of 975 m; 8 — braking to a complete
stop, idling for 15 s; 9 — acceleration to a speed of 40 km/h and movement to the mark of 1300 m;

10 — acceleration to a speed of 60 km/h and movement to the mark of 1900 m; 11 — deceleration by the engine
to a speed of 45 km/h; 12 — movement at a speed of 45 km/h to the mark of 2355 m;

13 — braking to a speed of 30 km/h to the mark of 2465 m; 14 — braking to a complete stop, idling for 15s;
15 — acceleration to a speed of 30 km/h and movement to the mark of 2625 m; 16 — acceleration to a speed of
35 km/h and movement to the mark of 2825 m; 17 — deceleration by the engine to a speed of 15 km/h;

18 — braking to a complete stop, idling for 15 s; 19 — acceleration to a speed of 40 km/h and movement to the
mark of 3250 m; 20 — braking to a speed of 30 km/h; 21 — movement at a speed of 30 km/h
to the mark of 3300 m; 22 — acceleration to a speed of 50 km/h;

23 — movement at a speed of 50 km/h to the mark of 3850 m; 24 — braking to
a speed of 25 km/h; 25 — movement at a speed of 25 km/h to the mark of 3975 m;

26 — braking to a complete stop at the mark of 4000 m

The following device is used to measure the fuel consumption in the conditions of the
urban driving cycle, which consists of three units: a fuel consumption sensor, which is installed
next to the fuel tank, an electronic switching unit, an indication and control unit. The fuel
consumption sensor is installed in the fuel supply line before the filter-settling tank of the truck

ZIL-5301 «Bull».
The fuel consumption sensor functions as a volumetric flowmeter and registers the

volume of fuel that has passed through it in cm?®.
The set of equipment used to perform driving cycles is shown in Figure 2. A personal

computer with a specially written information processing program was used as a display and
control unit.
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Figure 2. Scheme of the device for determining fuel consumption:
1 — fuel consumption sensor; 2 — electronic switching unit; 3 — display and control unit; 4 — inlet;
5 — temperature sensor; 6 — outlet; 7 — connecting cords; 8 — power cord

Figure 3. Scheme of the fuel system of the car ZIL 5301 «Bull»:
1 — fuel tank; 2 — fuel consumption sensor; 3 — filter settler; 4 — booster pump; 5 — fine filter;
6 — high pressure fuel pump; 7 — nozzle

To measure fuel consumption in the conditions of driving cycles used the fuel flowmeter
IP-179, which was modified for research.

The modified device, Figure 2, consists of three units: a fuel consumption sensor 1,
which is installed next to the fuel tank; electronic switching unit 2; display and control unit
3. The fuel consumption sensor is installed in the fuel supply line before the settling filter,
as shown in Figure 3.

The fuel is supplied to the inlet 4 of the sensor 1, which houses the temperature
sensor 5, Figure 2. The fuel exits the sensor through the outlet 6. The flowmeter sensor is
connected by a cord 7 to the electronic switching unit 2. The display and control unit 3
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displays fuel consumption. The device is powered by a voltage of 12V through the cord 8.
The fuel consumption sensor functions as a volumetric flowmeter and registers in cm? the
volume of fuel that has passed through it.

The device records the fuel temperature from the temperature sensor 5 with an
interval of 0.5°C. The temperature sensor DS18B20 with a measurement error of
+0.5°C is used.

According to the measured time of driving cycles t, sec, and volumetric fuel
consumption Q, cm?, according to GOST 20306-90 the following indicators were
calculated:

— the average speed of the vehicle during the test cycle with a length of 4000 m:

3.6-S
Vavg = tavg ,km/h (1)

— average fuel consumption:

25-Q
Qavg =5 | /100 km (2)

where S — the length of the measuring section, 4000 m;

tavg — the average time spent on the passage of the measuring area, sec;

Q — volumetric fuel consumption measured by a flowmeter during the test cycle on a 4000 m
section, cm3.

Research results. City driving cycle tests were carried out on the truck ZIL-5301
«Bull», which had a total mileage from the beginning of operation of 20 thousand km. The car
is equipped with a diesel turbocharger engine D 245.12 with a capacity of 73 kW and a specific
fuel consumption g=245 g/kW-h.

The tests were performed on a ring road with a straight section. All units of the car were
warmed up by running on the ring road for at least 50 km at a speed of 2/3 of the maximum
before the start of the tests.

Control races began in the car, which used lubricants according to the operating
instructions. APl CC, SAE 40 engine oil was used in the engine lubrication system, and API
GL-5, SAE 85W90 transmission oil was used in transmission units. Control races were repeated
three times. The time of arrival was recorded with the help of a timer and the volumetric fuel
consumption in cm? with the help of a flowmeter.

At the end of three races, which used engine and transmission oils in accordance with
the operating instructions, the oils were to be replaced. Fullerene composition of 10% mass
concentration was added to the lubricants. After changing the lubricants the car ran at least 30
km on the ring road, after which there were three control races with registration of the time of
arrival and the volume of fuel consumption.

The results of tests on the urban driving cycle at an outside air temperature of +20 °C
(summer operation period) are presented in table 1.

Table 1 shows the average values of the test time tayg for three races, the volumetric fuel
consumption Q according to the measurement of the flowmeter, as well as the calculated values
of the average speed, formula (1), average fuel consumption, formula (2).

The standard deviation of the fuel consumption was determined by the formula:
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Sq =

1

LY (o)

i=1

where Sq — standard deviation of fuel consumption, 1/100 km;
n — the number of repetitions that is equal to 3;
Qi — fuel consumption at each arrival, 1/100 km;
Qavg — average fuel consumption in three races, 1/200 km.
The coefficient of variation of the fuel consumption was determined by the expression:

VQ

Qavg

in the urban

@)

(4)

The percentage reduction in fuel consumption when using a fullerene composition in

lubricants compared to normal operation:

g

_ Qn _ch

Qn

where Qn — fuel consumption of the car in normal operation, 1/100 km;
Qrc — fuel consumption by the car when using fullerene composition in lubricants, 1/100 km.

Table 1

Test results of the car ZIL-5301 «Bull» on the urban driving cycle
at an outside air temperature of +20°C

(%)

Weight of | Test | Volume fuel | Average Fuel The standard - Reduction
- : . e Coefficient of
cargom, | time | consumption speed | consumption | deviation Sg, variation v percentage
kg tavg, C Q, cm3 Vavg, km/h | Qavg, 11200 km | 1/200 km Q £,%
Regular mode of operation
0 468,3 2896 30,74 18,1 0,72 0,039 -
1500 4772 3104 30,17 194 0,84 0,043 -
3000 491,4 3264 29,30 20,7 0,91 0,043 -
Fullerene compositions in lubricants, 10% mass concentration
0 452,8 2390 31,80 14,94 0,59 0,039 17,45
1500 461,0 2580 31,23 16,13 0,69 0,042 16,85
3000 4749 2830 30,32 17,69 0,76 0,042 14,54

From the analysis of the results shown in table 1, the following conclusions can be made.
The use of fullerene composition (10% mass concentration) simultaneously in motor and
transmission oils reduces the fuel consumption of the car in the summer operation period on the
urban driving cycle by 14.54 ... 17.45%. The value of 17.45% corresponds to the mileage of the
car without cargo (m = 0), and the value of 14.54% — mileage with cargo (m = 3000 kg).

The coefficient of variation of the measured fuel consumption was 0.039 ... 0.042. This
allows us to conclude that the measurement error is in the range of 3.9 ... 4.2%.
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The obtained result of a decrease in fuel consumption is equal to 14.54 ... 17.45%,
coincides with the results of bench tests of diesel D-243, which are given in [9].

Unambiguously, the increase in the mass of the transported cargo leads to a decrease in
the effect of reducing fuel consumption and increasing the measurement error, while the
coefficient of variation does not exceed 0.042.

The results of tests of the car ZIL-5301 «Bull» in the urban driving cycle at an outside
air temperature of -5 °C in the winter operation period are presented in table 2.

Before the start of the tests, all the requirements of the GOST 20306-90, which were
stated above, were fulfilled. The driver's cab heating system was connected to work.

Table 2

Test results of the car ZIL-5301 «Bull» on the urban driving
cycle at an outside air temperature of -5 <C

Weight of . Volume fuel | Average Fuel The standard - Reduction
Test time . . e Coefficient of
cargom, | consumption | speed | consumption | deviation S, Variation v percentage
kg avg ¢ Q,cm® | Vayg, km/h | Qavg, /200 km | 17200 km Q £, %
Regular mode of operation
0 478,0 3040 30,12 19,0 0,78 0,041 -
1500 483,5 3232 29,78 20,2 0,9 0,044 -
3000 500,0 3456 28,80 21,6 1,05 0,048 -
Fullerene compositions in lubricants, 10% mass concentration
0 463,0 2579 31,10 16,12 0,64 0,039 15,15
1500 4715 2750 30,54 17,19 0,74 0,043 14,90
3000 484.,6 2998 29,71 18,74 0,84 0,044 13,24

From the analysis of the results that are shown in table 2, the following conclusions can
be made. The use of fullerene composition (10% mass concentration) simultaneously in the
engine and transmission oils in the winter operation period reduces fuel consumption by
13.24 ... 15.15%. The value of 15.15% corresponds to the mileage of the car without
cargo (m = 0), and the value of 13.24% — to the mileage with cargo (m = 3000 kg).

The coefficient of variation of the measured fuel consumption was 0.039 ... 0.044. This
allows us to conclude that the measurement error is in the range of 3.9 ... 4.4%.

Conclusions. The fuel efficiency of the truck ZIL-5301 «Bull» was evaluated during
operation with the use of lubricants (engine and transmission oils) with fullerene compositions
according to the urban driving cycle. Fullerene compositions were added to the engine and
transmission oil at a 10% mass concentration.

It is established that during operation in the urban driving cycle in the summer period the
use of fullerene composition in both engine and transmission oils reduces the fuel consumption
of the car by 14.54 ... 17.45%. The value of 17.45% corresponds to the mileage of the car without
cargo (m = 0), and the value of 14.54% — to the mileage with cargo (m = 3000 kg). The coefficient
of variation of fuel consumption was 0.039 ... 0.042. This allows us to conclude that the
measurement error is in the range of 3.9 ... 4.2%.

During truck operation in the urban driving cycle in the winter period the use of fullerene
composition (10% mass concentration) simultaneously in the engine and transmission oils
reduces fuel consumption by 13.24 ... 15.15%. The value of 15.15% corresponds to the mileage
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of the car without cargo (m = 0), and the value of 13.24% — mileage with cargo (m = 3000 kg).

The

coefficient of variation of the measured fuel consumption was 0.039 ... 0.044. This allows

us to conclude that the measurement error is in the range of 3.9 ... 4.4%.
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YK 621.891

OIHIHIOBAHHSA E@EKTUBHOCTI 3ACTOCYBAHHA
SMAHTYBAJIBHUX MATEPIAJIIB 3 ®YJIEPEHOBUMU
KOMOO3ULISAMU IIPU EKCIITYATAIII BAHTAYKHUX
ABTOMOBIJIIB Y MICBKOMY HHHUKJII

Anapiii Kpasuos®; MuxoJa Kapnayx'; JIio6omup Cio6oasin?

YXapxiscokuii nayionanvuuti mexuivnuil ynisepcumem cilbCbko2o
eocnodapcmea imeni 11. Bacunenka, Xapxis, Yxpaina
2Tepuoninbcorutl HayionanoHull mexuiunuti yuisepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pe3tome. BuxkoHano OYIHIOBAHHA NANUGHOI eKOHOMIYHOCMI a8momodina npu excnayamayii 3
BUKOPUCIMAHHAM 3MAWYBATbHUX Mamepianie (MOMOPHI ma MpancMICitiHi onusu) 3 yrepeHo8uMU KOMNO3UYIAMU
3a micbkum i3006um yukiom. @Pyneperosi KoMno3uyii 000aganucs 00 MOMOPHOI U MPAHCMICIUHOT oIusu 8
xkonyenmpayii 10% mac. Kepienum 0OKYMeHMOM, AKULL BU3HAYAE NOPAOOK GUNPOOYBAHL ABMOMPAHCHOPMHUX
3acobie Ha nanusHy exonomiunicmo, € I OCT 20306-90.

Bunpobysanns 3a micekum i3006um YuKioM NpoBOOUNUCs HA eanmadicHomy asmomobini 31/1-5301
«buuoky npu memnepamypi HasxonuwiHb020 nogimps +20°C (nimwuitt nepioo excniyamayii) ma npu
memnepamypi HA8KONUUHb020 nosimps -5 °C (3umosuil nepiod excniyamayii).

Bcmanosneno, wo npu excniayamayii agmomo0ing 3a MiCbKuM i3008UM YUKIOM Y JIMHIU nepiod
excniyamayii 3acmocysantsi (pynepenosoi KOMno3uyii 00HOUACHO 8 MOMOPHIU | MPAHCMICIUHIN ONUBAX 3MEHULYE
sumpamy naibHoeo asmomodina na 14,54 ... 17,45%. Ilpu yvomy eeruyuna 17,45% eionogioac npobicy
aemomobdina bez eanmaogicy (m = 0), a geruyuna 14,54% — npobicy 3 eanmascem (m = 3000 kz). Koegiyicum
sapiayii sumiprosanoi eenuuunu eumpamu nanvrozo ckaag 0,039 ... 0,042. Lle do3g0ns€ 3p0dbumMu 8UCHOBOK, U0
noXubKa 8UMIpI08ans 3Haxooumuvcs 6 mexcax 3,9 ... 4,2%.

Ilpu excnayamayii agmomobing 3a MicbKum i3008umM YUKIOM Y 3UMOBUl NEpio0 eKCHAyamayii
3acmocysanus @ynepenosoi komnosuyii (konyenmpayis 10% mac.) 00HOYACHO 6 MOMOPHIU | MPAHCMICIUHIT
onuUBax 3menutye gumpamy naavnoz2o ua 13,24 ... 15,15%. Ilpu yvomy eenuuuna 15,15% eionogioac npobicy
asmomobing 6e3 sanmasicy (m = 0), a senuuuna 13,24% — npobiey 3 eanmaosicem (m = 3000 xe). Koeghiyicum
sapiayii sumiproganoi geauyunu sumpamu naivioco cknas 0,039 ... 0,044. Ile 0o380a5€ 3podumu 8UCHOBOK, WO
noxuodKa BUMIpI08alb 3HAx00umvcs 6 mexcax 3,9 ... 4,4%.

Knwuoei cnosa: excniyamayis, 3aci6 mpancnopmy, MOMOPHI OAUGU, MPAHCMICIUHI onusu, yrepenu,
@ynepenosi komnoszuyii, 00’ emna umMpama naIvLHO20, MiCbKutl i3008Utl YUK,
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